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F.M. Torres-Bejarano et al.

INTRODUCTION

in lakes and rivers (

(Villota-López et al., 2021)

et al., 2018

 (Lee et al., 2017

rivers ( et al., 2018

Dehghani et al. (2020) considered a one-
dimensional pollutant transport model to calculate 

Hashemi et 
al. (2017) also implemented a one-dimensional 

et al. 
(2021) 

 et al. 
(2021)

et 
al., 2021

exceeded ( ; Villota-López et al. ); 

due to the accelerated economic and demographic 

discharges into the river ( Feria et al. 2017 
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MATERIALS AND METHODS

2
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monitoring campaigns in 2019 (March 18th th

th st

the IDEAM (2017) Water Monitoring Protocol and 

measured in situ

et al. ; 
Yiping et al. (2011)

et al. (2017) used it to model algal 

Villota-López 
et al. (2021)

Hydrodynamics and water quality modules

and et. al. 

:

 (1)
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  (2)

  

u, v
in the curvilinear coordinates;  are the orthogonal 

z is the sigma coordinate; t m , my are the 
square roots of the diagonal components of the 
metric tensor; 

surface; p
f is the 

Coriolis parameter; AH is the horizontal momentum 
Av

cp
Dp

Su, Sv
sink terms for the horizontal momentum in the  and 
y

 (3)

 C
u, v are the 

coordinates; w
AH Sc is 
the internal and external sources and sinks per unit 
volume; H

a
b
c d 

processes and external loads for each of the state 
 (  Villota-López et. al., 2021

  (4)  
   

 FNI  
 produced as inorganic nitrogen; 

FNIP 
as inorganic nitrogen; 
algal group  is the preference for ammonium 

; P
of algal group  
constant in algal group ; B
algal group ; KDON is the rate of dissolved organic 

DON is the dissolved organic 
BFNH4

WNH4 are the external ammonium loads 
and KNit
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  (5)

 

PO4t is the total phosphate 
KDOP

dissolved organic phosphorus; PO4p
PO4d is the dissolved phosphate; 

FPI
algal group  produced as inorganic phosphorus; BM  

; FPIP 

as inorganic phosphorus; APC is the mean algal 
KDOP 

rate; DOP is the dissolved organic phosphorus 
WSTSS

model; BFPO4d

WPO4t V 

 (6)

        
  

    

FCD
 is the half-

;  

AONT
NH4 

K  is the 

DOC
KHCOD

COD; 
DO COD is 

K  
DOs is the saturated 

SOD is the 

WDO is the external loads of dissolved 

COD
COD

COD DO BFCOD WCODK COD
t KH DO z V

  
       (7)

KHCOD 

KCOD
BFCOD is the sediment 

WCOD is the external loads of chemical 

Suspended sediment transport 

sediment transport is derived from the generic 

 
j j j jmHC PC QC mwC

t x y z

, , ,
E Ib

s j j j s j s j
Amw C m C S S

z z H z
   (8)

Cj 
j  sediment class; Ab

2 ws
SE

s,j is the external source-sink 
SI

s,j

sediments classes (
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Modeling framework

period (

3 3

3

3

3

( in situ measurements 
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in situ

2

1

n
i ii
O p

RMSE
N

                                                                                                                                   
 (9)

  represent the sample (of size 
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i
not contemplate limit values for some parameters 

3

357 of 2005) and the United States (EPA Standards) 

RESULTS AND DISCUSSION
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3 4

4

3-N in an 

2004;

Muñoz et 
al et al., 2020

3 4-P the highest 

Liu et al., 
2020 et al  suggest 



459



460

F.M. Torres-Bejarano et al.

of allochthonous materials into the river through 

( ; et al

3 4

Cuesta-Parra et al., 
2018
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Temperature

Graham et al., 
2014;

); an 
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Chapra et al., 2021

); 

considered polluted (Jingsheng et al., 2006; Al-Badaii 
et al., 2013
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Islam et al. (2015)

3-N 
Liu et al., (2018) suggest that the 

 
(
remains at good levels over this limit throughout 

 

Liu et al., 2020

Graham et al., 2014; et al., 
2017

Ammonia nitrogen and total nitrogen

the reference limit for NH3

NH3

3-N reached a maximum 

Von-

Husaini et al. (2007)

Girardi et al. (2016); 
et al. (2018) and Villota-López et al. (2021)

Wang et al. (2015) also 
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 (Meng 
et al., 2020

(

(Montes et al., 2013

; Pan et al
et al., (2017) studied phosphatases as a tool 

Total suspended solids 

et al., 2018; et al., 
2018

et al., (2018)

et al., 2017; et al., 2019

pollutants (Graham et al., 2014

on DO (Muñoz et al ; Liu et al., 2020

et al.,  
mixture of pollutant loads caused the dissolved 

Churun et al., (2019) 

 
9
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Liu 
et al., 2020

( et al., 2016

discharge (

3 and 
PO4 et al. (2018)

3-N and PO4

4 3
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et al. (2003) found 

Meng et al.,

3 4

CONCLUSION

the measured data compared to those calculated 

3 4
reference levels and these are relevant to meet the 

4
and NH3
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OPEN ACCESS

PUBLISHER’S NOTE

ABBREVIATIONS
oC Degree Celsius
AS Actual state
Ab

AC

AH
Horizontal momentum and mass 

AH

ANC group 

AONT per unit mass of ammonium nitrogen 

APC for all algal groups 
Aut
Av

BFCOD demand

BFNH4 exchange

BFPO4d phosphate
BM  

B  

C

Cj

th 
sediment class

COD

cp

CVS

d
DO

DO

DOC

DON Dissolved organic nitrogen 

DOP Dissolved organic phosphorus 

DOs

Dp

DWTP
DX Distance on the X axis
DY Distance on the Y axis
EFDC
F
f Coriolis parameter 

FCD

FD

FNIP stripped as inorganic nitrogen

FNI algal group  produced as inorganic 
nitrogen
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FPIP produced as inorganic phosphorus 
F

H

reference level
i Cell

IDEAM Environmental Studies
IWA

ka

KCOD demand
kd

KDON
Rate of dissolved organic nitrogen 

KDOP
Dissolved organic phosphorus 

KHCOD COD 
k

k

K

 
km

KNit

K

ks

L Liter
m Meter
mg Milligram
mm Millimeter

m Square roots of the diagonal 
components of the metric tensor 

my
Square roots of the diagonal 
components of the metric tensor 

N North
N Sample size

NC No change

NE Northeastern

NH3-N Ammonia nitrogen

NH4

NOAA

Oi Measured data

p

P1 Monitoring point 1

P2 Monitoring point 2

P3 Monitoring point 3

P4 Monitoring point 4

Patm Barotropic pressure

PC

Pi Simulated data

PN algal group  
PO4d Dissolved phosphate 

PO4p

PO4-P Phosphates 

PO4t

s Second

S1 Scenario 1

S2 Scenario 2

S3 Scenario 3

S4 Scenario 4

S5 Scenario 5

S6 Scenario 6

Sc
Internal and external sources and sinks 
per unit volume

SD

SE
s,j external source-sink term

SI
s,j Internal source-sink term
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SOD

Su

Sv

SW

T
t
TN

TSS

u curvilinear coordinate 

US EPA

v curvilinear coordinate 
V Cell volume 

VIMS

W West

w

wS

WCOD demand
WNH4 External ammonium loads 

WOD
WPO4t External loads of total phosphate

WSTSS solid 
WWTP

x Orthogonal curvilinear coordinates in 

Orthogonal curvilinear coordinates in 
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M. Dede et al.

INTRODUCTION

(Ville et al. et al. et al.
2016

(PDCs) (

magnesium (Si-Mg) ( et al.
2019

Carr et al.
2020

the air (long-range transport) ( et al.

et al.

Sunardi et al.

socioeconomic structural changes that encourage 

Cheng et al.
2021

et al.

et al.

et al.

MATERIALS AND METHODS

2
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et al

et al. et 
al. et al.

et al.

-
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Water resources carrying capacity

WRCC data processing and analysis

( et al. et al., 
et al.

Gotardo et al.

WRCC  WA –  NW                             (1) 
    

WA =  P –  R –  ET –  S  
   

                             (2)

R  0.278  C  P  A 
   

                          

ET  p 0.46  T  8.13    
                          

   (4)

considered (
2019

 
et al.

2010

Lohe et al.
et al.

NW  Pop  Wy 
    

                              (5)

iPop  Si /   ASi   Wi  Pop 
   

                             (6)

i

RESULTS AND DISCUSSION
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(Hapsari et al.
 

m ) 
( et al.

and 21st centuries AD ( et al.

Wedus Gembel

et al.

midstream ( et al.

et al.

et al.
et al.

o

o
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 (2018) 
 

(

m

 per 

 including the 
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 per Pangestu and 
)
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Water resources carrying capacity
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PUBLISHER’S NOTE

ABBREVIATIONS
% Percentage

A Catchment (area)
C
E
Eq 
Eqs
Fig

IMPWPH 

km Kilometer
km2 

KRB Kawasan rawan bencana Merapi 
(Merapi’s disaster prone area)

m Meter
m3

P
p
Pop 
Popi 
R
S
Si 
T

W 
WA
Wi
WRCC
Wy

REFERENCES

10 
pages

6 
pages

7 pages

15 
pages

12 pages

2781 (15 pages

(4 pages

19 pages

14 pages
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Comparison of methods for estimating reference 

(11 pages

14 pages

9 pages

2114: 050012 (8 pages

109 (10 pages).

11 pages

9 pages

(34 pages

10 pages

13 
pages

15 pages

6 pages

8 pages

745 (14 pages

20 
pages

8 pages

16 pages

12 pages

24 pages

10 pages

21 pages

(8 pages



14 
pages

11 pages

1(1): 47-62 (6 pages).

15 
pages

10 pages

12 pages

11 
pages

8 pages

management for agriculture after the 2010 Merapi 
7 

pages

11 pages

16 pages

20 pages

9 pages

141 (12 pages

19 pages

(8 pages

10 pages

10 pages

7 pages
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E. Fares et al.

INTRODUCTION
Soiling is one of the main issues inherent to 

losses (Micheli et al., 2017).

(Pescheux et al., 2020; 
Lee et al., 2022; Thongsuwan et al., 2022)  as it 

(Alnaser et al., 
2018; Eihorn et al., 2019)

(Bukhari et al., 2019). Few studies have 

2 and TiO2) for ASC 
(Jesus et al., 2018). Jesus et al., (2018) 

2/SiO2
TiO2 2

2/
SiO2

Sueto et al., (2013) found that 

tungsten trioxide (WO3

adhesion from 0.25 electronvolt (eV) to 0.10 eV. 

Ota et al., 
(2016) 

et al., (2016) 

2 
Pendse et al., (2018) found that 

the CA was more than 130o

2

Said et al., (2015) 

Li et al., (2013) 
2

et al., (2018) reported 
2/SiO2-

coated PV panels compared with the uncoated ones 

Oh et al., 
(2016) used SiO2

Hossain et al., (2021)

Piliougine et al., 
(2013) 

(Eihorn et al., 
2019; Pescheux et al., 2020). Pescheux 
et al., (2020) 

despite the aggressiveness of the tests. 

et al., 2018). 

 (Nunes et al., 2019)
low cost (Isaifan et al., 2017)  
processes et al., 2018)

(Isaifan et al., et al., 2018; 
Nunes et al., 2019).  et al., (2018) 
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et al., 
2018; Nunes et al., 2019)

Tomas et al., 2018)

2 2O3 2

(Liu et al., 2015). Metal oxide 

Liu et al., (2015) recommended using colloidal NP 

 (Wang et al., 2014)
with precise droplet volume (Liu et al., 2015)

(Wang et al., 2014). 

(Wang et al., 2014)
Liu et al., (2015) stated. Metal oxide 

(Liu et al., 2015); 

(Javed et al., 2017; Ilse et al., 2018)

surface et al.,

et al., . 

et al., 2018a)

overcoats the silica NP and interferes with their 

2 2O3 2

has several advantages over other common 

and 2022.

MATERIALS AND METHODS
Substrate cleaning

cleaning was performed following the procedure 
et al., (2020).

3)2·6H2O and Al(NO3)3 · 9H2

2 · 2H2
Al2O3 2 2 NP ink of 7–20 

et al., 
(2020)

2O3 and 
2 in isopropanol (IPA) with 
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(Rieu et al.,  except for SnO2

(Cummins et al., 2012). According to Liu et 
al.,

and 50 millinewton per meter (mN/m) (Cummins et 
al., 2012) et al., (2017) used a 

in this paper (Rieu et al., 2016) 2 salt-

et al., 
2020). Fig. 1a and  

(Liu et 
al., 2015)
SnO2 2O3

2

(Liu et al., 2015). 

Materials Printer (DMP). A cartridge of 1–10 picoliter 

(DMP-2850) was used to deposit the metal oxide 

2O3

Fig. 1a. 

Thermal annealing

(thermal annealing) as per the procedure performed 
et al., (2020). Thermal annealing was 

Analysis techniques

o cone 

surfaces with 5 kilovolts (kV) using a JEOL 7610F SEM 

the wavelength range from 248 to 1000 nm (
et al., 2012)

a droplet volume of 2 microliters ( L) to test the 
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angle of 0.2o

and 30 milliamperes (mA). The measurements were 
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in one of the outdoor sites of the Mechanical and 

o

and rain. The mass of all samples was measured 

Isaifan et al.,  (2017)

. 

 
  (1)

Substrate mass after exposure - Substrate mass before exposure 
Substrate's surface area 

 

RESULTS AND DISCUSSIONS

in Fig. 2a and 

Al2O3

2

2

2O3

2O3-coated 
 (Kareem et al., 2011). The 

(Kareem et 
al., 2011)

(Kauppinen et al., 2017). 

et al.,
mixed and pure NP-coated materials have lower 

2 

conformance with several studies that have reported 

materials (Yamaguchi et al., 2005; Kareem et al., 
2011) 2 mixed 

for TiO2 et al., 2016). The 
.

Fig. 3). The 

 
(Legrand-Buscema et al., et 
al., 2013)

(Legrand-Buscema et al., 2002)
2 

SnO2

et al., 2013)

2 

mixed precursors compared with those of the pure 
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2O3
(Huang et al., 2006). 

microstructure features in all the metal oxide samples 
(Fig.  4 to 7 a-c).

prepared using mixed precursors (Fig. 4 to 7 d-f). 

precursor samples than in the pure NP precursor 
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2 2O3 2.
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Fig. 5: SEM images for SnO2

Fig. 6: SEM images for Al2O3
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samples (Fig. 4 to 7 c and f

2

surface. Similar to the results of et al., (2008) 
and Lu et al., (2010)

used in preparing SnO2 mixed ink was similar to that 
et al., (2008) to produce SnO2

used SnCl2·2H2 2·2H2O 
and SnO2

2
Lu et al., (2010). 

to et al., (2008)  

used to prepare the precursor. Parallelogram features 

Fig. 4 (d) and (e)
SnO2 Fig. 5e
Al2O3
the TiO2 

Fig. 7: SEM images for TiO2
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Fig. 6e and Fig. 7f). 
In TiO2

forces (Shang et al., 2016)

case of TiO2
Legrand-Buscema et al., (2002)

These results are in good agreement with those 
 Saini et al., (2007). 

  

Fig. 8 
1/2 and 

3/2 
2+-related peaks located at 1044.7 and 

(Chiu et al., 2015)
Al2O3 sample demonstrated that the Al2p spectra were 

74.5 eV for the Al2p1/2
et al., 2018). For TiO2

3/2 at 458.5 eV and Ti2p1/2 
4+ valence 

state of TiO2 (Potlog et al., 2014)

Sn3d5/2 and Sn3d3/2
the Sn3d5/2 

3/2 component 
2 state 

(Xia et al., 2014). No clear signal from the metallic Sn 

indicated a metal–O component at 530 eV and other 

energies et al., 2015).

2 2O3 2.
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Contact angle measurements 

o

among all samples was 8.5o in Al2O3
while the highest was 47.8o in TiO2

TiO2
o 

et al., 2020)
2 showed the 

lowest CA in general. Paul et al., (2014) reported a 
CA of 11.8o

2 was 
 o (Talinungsang 

et al., 2017)
2 samples increased the surface 

Jongnavakit et al., (2012)
the same annealing temperature. Jongnavakit et al., 
(2012) 

SnO2 2O3 2-coated samples 
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(Na et 
al., 2019) Lin et al., (2009) reported a CA of 

Lu et al., (2010)  when exposed 
Wang et al.,

the CA of Al2O3 was 5o

the CA of 8.5o

Na et al., (2019) where the Al2O3
Cho et al., (2018) 

deposited Al2O3 

Fig. 9) and 

in such regions (Isaifan et al., 2018). 

 Outdoor experiment 

Fig. 10.

per second (m/s) on average. According to Gholami 
et al., (2017)

as shown in Fig. 10

2

2O3 

2

2O3 2
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et al., 2017). 

(Kauppinen et al., 2017)
2O 2 have 

2O3

SnO2 demonstrated the lowest one. 

CONCLUSIONS
Soiling is one of the main issues inherent to PV 

and morphologies. Two metal oxide precursors were 

o and maximum of 47.8o). 

2O3 mixed-

Al2O3 2 are promising materials for ASC 
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PUBLISHER’S NOTE

ABBREVIATIONS
% Percent
A (%)
Al(NO3)3 9H2O
Al2O3 aluminum oxide
ASC
°C degree Celsius 
CA contact angle
cm/min
DMP
EG
eV electronvolt
g Gram
GI-XRD

IPA isopropanol
kV kilovolts
mA milliamperes
MgF2

Min minutes
L microliters 

mL milliliters
m micrometer

mm millimeters
mN/m millinewton per meter
mPa.s millipascal second 
m/s meters per second
nm nanometer
NP

pL picoliter
PV photovoltaic
SEM
SiO2 silicon dioxide
SnO2
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ppm Part per Million

Standard error
Sempu sediment
Sempu mangrove
Sempu macroalgae
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INTRODUCTION

 The 

 
(Li et al

residues and et al
2017)

materials in 2014 et al

2O5
(Semerci et 

al
(Adam et al

4PO4 2O for 
(Koga 2019; Kim 

et al

 
(Rahman et al

2014)

(Siciliano et al  De 
et al

et al
2021)

in acid citric that exudates from roots 
et al

et al

2020)

Mg (Egle et al

2+: 
NH4

+: PO4
3-

etc. 

1

(Dugdug et al

(Lehmann 

(Shepherd et al

to its high surface area and AEC (anion exchange 
(Lehmann et al

glass (Le Corre et al  

(Muhmood et al Hu et al
(2019) 

Muhmood et al  

grape residues (Gr) from pruning manufactured in 
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Relevant aspects References 
The current study was designed to use a different light spectrum to enhance carbon-based metal 
nanocomposites adsorbent for the augmented removal of nitrate and phosphate from aqueous solution. 
The revealed nanocomposites increased the removal of nitrate and phosphate ions up to 95%.  

Velu et al., (2020) 

Acceptable phosphorus recovery (80-90%) was achievable by using seawater as the magnesium source 
for struvite precipitation. The increase of temperature from 20 °C to 30 °C reduced the phosphorus 
recovery. 

Shaddel et al., (2020) 

This manuscript provides a comprehensive review on the recent developments related to the removal 
and recovery of nutrients (nitrogen and phosphorus) from aqueous waste and wastewater. 

Siciliano et al., (2020) 

This paper reviews the recent studies on the potential of aquatic plants, such as free-floating, submerged, 
and emergent plants, and microalgae for the removal of P in different types of wastewater.  

Rezania et al., (2021) 

The P extraction from P-rich sludge with oxalic acid proved to be effective for P- extraction and iron 
removal prior to struvite precipitation. Due to the high iron concentration in liquor, the product of direct 
precipitation contains a high amount of iron that limits its use as phosphate fertilizer. 

Numviyimana et al., 
(2022) 
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MATERIALS AND METHODS

( )

such as total 

4
+

4
3-

-P) and potassium content (K)
according to Semerci et al., (2019)

The grape pruning residues applied to prepare 

2SO4

6H8O7

2 2O (Sigma-Aldrich) as 
Mg source et al  2015)

2+
4

NH4+

(Huang et al

temperature (Hu et al

 100i F

i

P P
P

 (1)

Pi
and PF

(Hu et 
al 150 mL of 
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according to the GB 23348 2009 protocol (Hu et al
2018)

t

total

C V 100
M

 (2)

 ct
Mtotal is the total nutrient 

models (Jalali 
2006)

0 ln( )tq q a bt  (3)

 lnq lna blnt  (4)

1/2 q a bt  (5)

q a lnt  (6)

q
elements; t a and  are 

2) 

RESULTS AND DISCUSSION

in  and 3

2 2O5
Fe2O3 2O3 ( ) 2O5 content in the 

et 
al  

et al

results ( )

 Surface 
2

(Hu et al  2019; 
Lu et al et al

Moisture K Na Mg TN NH4+-N TP  TOC (%) EC (1:5) pH 
% mg/kg dS/m    

14.03 11207 2967 6513 18605 904 15927 
 

48 1.79 6.6 
Total concentration of metals 

  (mg/kg) 
 

Ag Ni Cu As Cr Al Zn Fe  Cd Pb 
2.3 30 179 1.9 18 21063 731 13230  0.32 57 

Heavy metal concentration limit (EPA 503)  
- 300-400 1000-1750 - 25 - 2500-4000 -  20-40 750-1200 

         phosphorus; TN: total nitrogen; TOC: total organic carbon total rthophosphate; TP: o P:—34EC: electrical conductivity; PO   
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Constituent Sample Adam et al. (2009) Ntuli et al. (2013) Shiba and Ntuli (2016) 
P2O5 4.00 3-25 14.6 15.2 
SiO2 14.48 13-43 38.4 36.40 
CaO 11.33 12-18 11.0 11.3 

Fe2O3 1.89 3.2-22 10.3 12.2 
SO3 1.57 - 5.5 5.31 

Al2O3 3.93 8-24 11.9 12.0 
MgO 1.08 1.7-3.5 1.7 1.04 
K2O 1.35 0.95-2.7 1.7 1.79 

MnO <0.05 0.09-0.35 0.6 0.613 
TiO2 0.32 - 1.1 1.16 

References Ash 
(%) 

Surface aria 
(m2/g) 

CEC 
(cmolc/kg) H N C EC 

(dS/m) pH Biochar 

This study 11 277 34 2.9 0.87 71 0.2 9.6 Grape 
Hu et al., 2019 - 168.3 77.8 - - - - 7.3 wheat shell 
Lu et al., 2016 - 37 43 1.70 1.66 51 - 10.1 Rice straw 
Park et al., 2011  6.87 250 2.6 0.26 77 - 7.7 Green waste 

   EC: electrical conductivity; CEC: cation exchange capacity. 

 

TiO2 CaO K2O SO3 Na2O MgO Fe2O3 P2O5 BaO Al2O3 SiO2 
Struvite (%): 
Biochar (%) 

(%) 
<0.05 14.77 1.59 1.38 1.45 16.51 2.77 28.19 <0.05 1.05 0.53 100:0 
<0.05 14.27 0.22 2.36 0.85 11.53 0.30 25.40 <0.05 0.86 1.36 75:25 
<0.05 9.32 0.34 0.78 1.06 10.23 0.16 22.63 <0.05 0.75 0.72 50:50 
<0.05 4.22 0.65 1.30 1.37 7.17 0.43 13.44 <0.05 0.65 0.43 25:75 

s iochar)

EU fertilizer limit  
 (Muys et al., 2021) %struvite:%biochar Parameter 

 25:75 50:50 75:25 100:0 % 
- 6.27 9.38 10.36 12.67 P 
- 4.60 5.60 7.46 8.40 N 
- 4.89 6.14 7.87 9.88 Mg 
- 0.78 0.40 0.26 1.20 K 
- 11.24 9.63 6.25 4.74 SI 
- 8.43 8.32 8.23 7.48 pH(1:10) 
- 7.46 6.39 4.15 3.15 EC(1:10) (dS/m) 

60 2.40 1.90 1.80 2.80 Cd (mg/kg) 
120 19 16 6 7 Pb (mg/kg) 
600 51 43 37 16 Cu (mg/kg) 

1500 1321 1132 1011 900 Zn (mg/kg) 
40 37.14 33.90 32.10 29.30 AS (mg/kg) 
- 1.19 0.87 0.57 0.55 Mo (mg/kg) 
 15 14 13 13 Ni (mg/kg) 

   SI: salt index, EC= electrical conductivity  

:  of composi ochar)
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2O5

2O5 
2009)

d 
c

(
6

4PO4 2
(Rahman et al

(
6)

 (Muhmood et al
et al

(Lu et al
et al et al  and 

(Li et al

like shape ( ) 
Rahman et al

Freeman (2016) and Hu et al

pH

et al  reported 

et al  found 

et al

7

( )

20 g/L citric acid 0.5 mol/L HCL Water Equation 
b a R2 b a R2 b a R2 First-order 

0.05 1.84 0.92 0.06 2.62 0.82 0.031 1.66 0.95 St 
0.08 1.87 0.92 0.10 2.24 0.83 0.029 1.79 0.95 G25 
0.06 2.063 0.92 0.07 2.30 0.84 0.029 1.99 0.96 G50 
0.0 2.18 0.76 0.06 1.69 0.84 0.030 2.19 0.94 G75 

20 g/L citric acid 0.5 mol/L HCL Water  
b a R2 b a R2 b a R2 Power function 

0.02 11.46 0.87 0.05 4.33 0.89 0.63 0.94 0.94 St 
0.03 11.30 0.81 0.04 11.35 0.86 0.58 6.23 0.97 G25 
0.04 11.23 0.85 0.04 11.27 0.89 0.62 6.18 0.97 G50 
0.04 10.84 0.88 0.02 10.95 0.91 0.56 6.21 0.92 G75 

20 g/L citric acid 0.5 mol/L HCL Water  
b a R2 b a R2 b a R2 Parabolic 

1.01 76.35 0.70 2.49 78.35 0.74 0.63 -0.122 0.98 St 
1.21 79.70 0.58 1.78 83.67 0.72 0.71 -0.22 0.98 G25 
1.42 82.03 0.63 1.86 85.22 0.72 0.86 -0.41 0.99 G50 
1.46 83.08 0.67 1.03 91.61 0.71 1.040 -0.21 0.97 G75 

20 g/L citric acid 0.5 mol/L HCL Water  
b a R2 b a R2 b a R2 Elovich 

2.14 75.40 0.88 3.12 76.41 0.89 1.14 -0.20 0.92 St 
2.70 78.17 0.82 3.65 82.29 0.86 1.27 -0.26 0.89 G25 
3.11 80.39 0.87 3.89 83.60 0.89 1.53 -0.44 0.88 G50 
3.15 81.55 0.88 4.19 90.60 0.92 1.85 -0.23 0.86 G75 

nd citric acid 



584

M. Piri, E. Sepehr

Dong et al
(2020) 

(

s ( )

 

2 (R2

( )
model indicated that the release of P from these 

process 

(Hu et al

et al  reported that 

Kong et al  

CONCLUSION

2O5 in the 
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Mg    Magnesium
mm   millimeter

milligram per kilogram
mole per liter 

MnO   Manganese (II) oxide
MgO   Magnesium oxide
nm    nanometer
N  Nitrogen
Na    Sodium
Ni    Nickel
NH4

+   Ammonium
N    
NaOH  

Lead
P    Phosphorus
pH     
P2O5     Phosphorus pentoxide

2    
SS     
SiO2    Silicon dioxide
SO4    sulfate
SI     salt index
TOC    
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TiO2    Titanium dioxide
UV    
Zn    
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INTRODUCTION 

of technological resources has raised environmental 

lifespans and consumer demand and cheaper ICT 

(Lin 
et al.  

through the release of harmful chemicals into the 
environment et al.

State of the art of e-waste management

2016)

environmental crisis  2017)

countries et al.

informal processing is prominent in recovering rare 

et 
 2020)

(Zheng et al.

(Maphosa and 
et al. (2019) contended 

components had over 69 chemical elements 

handled et al.

et 
al. Aimin et al. (2011) reported that pregnant 

(Vi 
Ardolino et al. (2021) report 
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components et al.

(Ghasem 

(Ye et al.

environment and human health 
2014)

et al.  

environment 

economic development and sustained economic 

development 

(Grant et al
The demand for cheaper second-hand EEE is high in 

2013)

the digital divide 
Mureithi and Waema (2008) reported 

countries as an outlet for cheaper disposal due to the 

(Ongondo et al.

(Mutsau et al.

Kiddee et al. (2013)

Premalatha et al. (2014) opined 
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Kumar et al.
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Rautela 
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Singh et 
al

et al.
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METHODS OF STUDY

2021)
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Researchers from 48 countries authored the 
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(Tahamtan et al.
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achieve a conceptual image of the content of these 

(Pinto et al.

calculated a relevance score and selected the 76 

(Wiendartun et al.
2022)

Developed countries have the infrastructure 

(Maphosa and 

on the environment et al.

reveal that a large area of farmland in China is 

(Wang et 
al.

(Asante et 
al.
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animals (Kiddee et al.

Feldt  

causes health challenges (Huang et al.

(Mutsau et al.

From 

(Asante et al
plants in Nigeria and China recorded high levels of 

the soils et al

(Lin et al
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  emerged in 

process (Garcia et al  

(Gonçalves 
et al

(Xavier 
 Gautam et al. (2021) 

Islam 
et al suggest a consumer-centric circular 

2021)

et al.
(Chen et al.

2019)

(Caiado et al.

(Foelster et al

precious minerals are a threat to the environment 

et al. Annual 

 2014)
The government of Ghana has organised seminars 
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(Daum et al.

Yohannessen et 
al.

(Sun 

cannot comprehend the environmental and health 

(Singh et al  An earlier 
 revealed 

(Sun 
et al

(Li 
et al.

(Daum et 
al.

2017)

to other sites  et al.

(Tue et 
al.

 et al.
that plants and crops are close to dumpsites are 

(  2017)

(
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